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(54) MULTICORE OPTICAL FIBER CONNECTOR AND ASSMBLING METHOD THEREFOR 



(57) In a prior art multiple-fiber optical connector, it 
was difficult to easily and securely insert and mount a 
plurality of optical fibers led out from the multiple-fiber 
optical fiber ribbon. Further, in such a prior art multiple- 
fiber optical connector, it was possible to prevent a 
transmission loss from being generated due to local 
deformation of optical fibers, which is produced in 
mounting optical fibers, and a connection loss from 
being generated due to hardening and contraction of an 
adhesive agent, which are in the final assembling proc- 
ess. In order to solve such problems, a structure of an 
optical connector was designed as shown below; That 
is, a tapered portion (3) is provided in a fiber ribbon 
insertion hole (2) in order to narrow the width thereof, 
and the tip end (33) of a sheathed portion of a multiple- 
fiber optical fiber ribbon (31) is engaged in and stopped 
in the intermediate portion (8) of the tapered portion (3), 
whereby the insertion position is determined. In addi- 
tion, in order to guide the led out optical fiber (32) con- 
tinuously from the tapered portion (3), a conical 
introducing portion (4) having an adequate diameter is 
provided, and it becomes possible to collectively insert 
a plurality of optical fibers securely into appointed 
minute holes for inserting optical fibers. Furthermore, 
no insertion window for an adhesive agent is necessary. 
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Descripti n 

Technical field of the invention 

[0001] The invention relates to a multiple-fiber opti- 
cal connector, and method for assembling the multiple- 
fiber optical connector. 

Background of the invention 

[0002] Multiple-fiber optical fiber ribbons in which 
optical fibers juxtaposed in a plurality are collectively 
sheathed by a sheathing portion are used as optical 
transmissions. Further, a multiple-fiber optical connec- 
tor has been used, in which the optical fibers are 
exposed by removing the sheathed portion at the tip 
end side of a multiple-fiber optical fiber ribbon, and the 
terminal end portion of the multiple-fiber optical fiber rib- 
bon including the exposed optical fibers is inserted and 
fixed in a ferrule. 

[0003] Where connecting optical fibers to each 
other : vy using an optical connector including such a 
multiple -tlber optical connector, accurate alignment 
among the respective optical fiber insertion holes is a 
requisite technology in orderto minimize the connection 
loss. Further, high production efficiency assembling 
work with which the ratio of defective occurrence is min- 
imized is also required for multiple-fiber optical connec- 
tors. 

[0004] A prior art multiple-fiber optical connector 
has a ferrule 1 (multiple-fiber connector body) as shown 
in FIG. 6 and FIG. 7. A multiple-fiber optical fiber ribbon 
31 and the respective optical fibers 32 are inserted and 
fixed in the ferrule 1. The ferrule 1 is provided with a 
boot insertion hole 12 into which the terminal end of the 
multiple-fiber optical fiber ribbon is inserted. Also, a V- 
shaped groove 21 which guides optical fibers is pro- 
vided subsequent to said boot insertion hole 12. Fur- 
ther, a minute hole 7 for inserting an optical fiber, which 
has a slightly greater diameter than that of the optical 
fiber is provided subsequent, io the V-shaped groove 21 . 
[0005] An adhesive agant inserting window 11 is 
formed on the upper surfoix- o* the ferrule 1, and the 
adhesive agent is ussti to cement the multiple-fiber opti- 
cal fiber ribbon 31 and the respective optical fibers 32 to 
the ferrule 1. The adhesive agent inserting window also 
functions as a monitoring window for accurately insert- 
ing the respective optical fibers 32 into the minute holes 
7 for inserting optical fibers. 

[0006] The assembling process of the abovemen- 
tioned prior art multiple-fiber optical connectors is as 
described below; First, after the sheath at the tip end 
side of a multiple-fiber optical fiber ribbon 31 is removed 
and the respective optical fibers are exposed (for taking 
out the heads thereof), a boot 34 is placed on the multi- 
ple-fiber optical fiber ribbon. And, the multiple-fiber opti- 
cal fiber ribbon 31 is inserted into the boot insertion hole 
12, and at the same time, the respective optical fibers 



are inserted into minute holes 7 for inserting optical fib- 
ers along the V-shaped groove 21. Next, an adhesive 
agent is supplied through the adhesive agent inserting 
window 1 1 and is filled up in the minute holes for insert- 
5 ing optical fibers while moving the multiple-fiber optical 
fiber ribbon forward and backward. And, the adhesive 
agent is thermally hardened, whereby the assembling is 
completed. 

[0007] In the prior art multiple-fiber optical connec- 

io tor described above, the position for inserting the 
inserted multiple-fiber optical fiber ribbon 31 is deter- 
mined, as shown in FIG. 6(c), at the position where the 
tip end portion (end face) 33 of the sheathed portion of 
the multiple-fiber optical fiber ribbon is brought into con- 

15 tact with a stepped portion 22 being the commencing 
position of the V-shaped groove 21. Further, FIG. 6(a) 
shows that the tip end portion 33 of the sheathed por- 
tion of a multiple-fiber optical fiber ribbon is accurately 
positioned at the stepped portion 22. 

20 [0008] However, there are cases where, due to a 
slight unbalance in the working conditions, the tip end 
portion 33 of the optical fiber ribbon mounts the stepped 
portion 22 as shown in FIG. 6(b) and mounts the upper 
surface of the V-shaped groove 21 . In these cases, an 

25 optical fiber is subjected to a local bending, and is 
seated and fixed by an adhesive agent with a bending 
stress given thereto. Therefore, a transmission loss is 
produced at the bent portion, and in the worst case an 
optical fiber is broken or cut off. 

30 [0009] Also, as shown in FIG. 6 and FIG. 7(a), a fer- 
rule 1 structured so that it has an adhesive agent insert- 
ing window 1 1 according to the prior art is asymmetrical 
in the vertical direction. Therefore, as the adhesive 
agent is hardened and contracted in an optical connec- 

35 tor provided with the ferrule 1 having the abovemen- 
tioned structure, the surface weak in structure, where 
the adhesive agent inserting window 1 1 is provided, is 
deformed concave as shown in FIG. 7(b). 
[0010] If such a deformation is produced, in the 

40 case of a multiple-fiber optical connector having a wide 
width, optical fibers whose array position is close to both 
sides and which are arrayed at the center portion 
greatly slip in the Y direction in FIG. 7(b) as shown at S 
is the same drawing. If so, the connection loss of the 

45 optical fibers using a multiple-fiber optical connector will 
be increased. 

[001 1 ] In addition, where it is assumed that the opti- 
cal fiber array direction is the X direction, the above- 
mentioned Y direction is orthogonal to the X direction 
so and Z direction of the optical fiber axis. Also, a reference 
number 13 indicates an inserting hole for fitting pins 
used to connect an optical fiber to the mating" optical 
connector. 

[0012] As a countermeasure for deformation of the 
55 multiple-fiber optical connector, it is possible that a con- 
cave deformation amount of an optical connector result- 
ing from the hardening and contraction amount of the 
adhesive agent is estimated in advance, and the posi- 
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tion of the minute holes for inserting optical fibers is off- 
set in design. However, since the amount of deformation 
is made uneven in line with an unbalance in the amount 
of inserting an adhesive agent, it was remarkably diffi- 
cult to accurately assemble a highly accurate optical 5 
connector which can minimize the connection loss. 
[0013] The invention solves the abovementioned 
shortcomings and problems, and it is therefore an 
object of the invention to provide a multiple-fiber optical 
connector which can facilitate automation of assembling io 
work. 

Disclosure of the invention 

[0014] A multiple-fiber optical connector according is 
to the first aspect of the invention is featured in that a 
multiple-fiber connector having a multiple-fiber optical 
fiber ribbon in which optical fibers juxtaposed in a plural- 
ity are collectively sheathed by a sheathing portion, and 
having the optical fibers exposed by removing the 20 
sheathed portion at the tip end side of the multiple-fiber 
optical fiber ribbon, in which the terminal portion of the 
multiple-fiber optical fiber ribbon including the exposed 
optical fibers are inserted and fixed in a ferrule; wherein 
the connector is provided with a ribbon insertion hole 25 
having a greater width than the width of the multiple- 
fiber optical fiber ribbon, a tapered portion communicat- 
ing with the multiple-fiber optical ribbon, whose diame- 
ter is decreased toward the tip end side thereof, and 
minute holes for inserting optical fibers which communi- 30 
cate with the tapered portion and are juxtaposed in a 
plurality so that the respective exposed optical fibers are 
individually inserted thereinto, from one side to the other 
end side in the ferrule; the width at the tip end portion of 
the tapered portion is formed to be narrower than that of 35 
the multiple-fiber optical fiber ribbon; and the position in 
a width, in the course of the tapered portion, which is 
roughly coincident with the multiple-fiber optical fiber 
ribbon stops the tip end portion of the sheathed portion 
at the terminal portion of a multiple-fiber optical fiber rib- 40 
bon inserted from the ribbon insertion hole, and is made 
into a stopping portion of the sheathed portion tip end 
which determines the tip end position. 
[0015] A multiple-fiber optical connector according 
to the second aspect of the invention is featured in that, 45 
in addition to a multiple-fiber optical connector as set 
forth in the first aspect, an optical fiber introducing hole 
whose diameter is greater than that of minute holes for 
inserting optical fibers is formed at the forward side at 
the tip end side of the tapered portion, a conical inlet 50 
portion whose diameter is reduced is formed at the tip 
end side of the optical fiber introducing hole, and minute 
holes for inserting the optical fibers are formed so as to 
communicate with the conical inlet portion. 
[0016] A multiple-fiber optical connector according 55 
to the third aspect of the invention is featured in that, in 
addition to a multiple-fiber optical connector as set forth 
in the first aspect or the second aspect, instead of form- 
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ing a tapered portion whose tip portion width is narrower 
than the width of a multiple-fiber optical fiber ribbon, the 
connector is provided with a first tapered portion whose 
tip end width is roughly coincident with that of the multi- 
ple-fiber optical fiber ribbon, a tip end side insertion por- 
tion of a sheathed portion, which communicates with 
the first tapered portion, having a roughly fixed diame- 
ter, and whose hole width is roughly coincident with the 
multiple-fiber optical fiber ribbon, and a second tapered 
portion having a diameter-reduced tip end portion 
formed, via a stepped portion, at the tip end of the tip 
end side insertion portion of the sheathed portion; the 
inlet diameter of the second tapered portion is formed 
smaller than the width of the multiple -fiber optical fiber 
ribbon; the stepped portion of the tip end of the tip end 
side insertion portion of the sheathed portion stops the 
tip end portion of the sheathed portion at the terminal 
end portion of the multiple-fiber optical fiber ribbon, and 
is made into the sheathed tip end stopping portion 

*Nrtoi+;^r» of tha tin and nrvrtinn 
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[0017] A multiple-fiber optical connector according 
to the fourth aspect of the invention is featured in that, in 
addition to a multiple-fiber optical connector according 
to the third aspect, a conical introduction portion having 
a diameter-reduced portion at the tip end thereof is 
formed at the outlet of the tapered portion. 
[0018] A multiple-fiber optical connector according 
to the fifth aspect of the invention is featured in that, in 
addition to a multiple-fiber optical connector according 
to the third aspect, a conical introduction portion having 
a diameter-reduced portion at the tip end thereof is 
formed at the outlet of the second tapered portion. 
[0019] A multiple-fiber optical connector according 
to the sixth aspect of the invention is featured in that, in 
addition to a multiple-fiber optical fiber according to the 
fourth aspect, the respective input end diameters of the 
conical introduction portion are formed so as to become 
L>D>1 x sine , where the optical fiber array pitch of a 
multiple-fiber optical fiber ribbon is L, the length of 
exposed optical fibers at the tip end of the multiple-fiber 
optical fiber ribbon is 1, the deflection angle of the 
exposed optical fibers is 6, and the respective inlet 
diameters of the conical introduction portion are D. 
[0020] A multiple-fiber optical connector according 
to the seventh aspect of the invention is featured in that, 
in addition to a multiple-fiber optical connector accord- 
ing to the fifth aspect, the respective input end diame- 
ters of the conical introduction portion are formed so as 
to become L>D>1 x sine , where the optical fiber array 
pitch of a multiple-fiber optical fiber ribbon is L, the 
length of exposed optical fibers at the tip end of the mul- 
tiple-fiber optical fiber ribbon is 1 , the deflection angle of 
the exposed optical fibers is e, and the respective inlet 
diameters of the conical introduction portion are D. 
[0021] A multiple-fiber optical connector according 
to the eighth aspect of the invention is featured in that, 
in addition to a multiple-fiber optical connector accord- 
ing to the first aspect or the second aspect, no insertion 
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window for an adhesive agent is provided. 
[0022] A multiple-fiber optical connector according 
to the ninth aspect of the invention is featured in that, in 
addition to a multiple-fiber optical connector according 
to the third aspect, no insertion window for an adhesive 
agent is provided. 

[0023] A multiple-fiber optical connector according 
to the tenth aspect of the invention is featured in that, in 
addition to a multiple-fiber optical connector according 
to the fourth aspect, no insertion window for an adhe- 
sive agent is provided. 

[0024] A multiple-fiber optical connector according 
to the eleventh aspect of the invention is featured in that, 
in addition to a multiple-fiber optical connector accord- 
ing to the fifth aspect, no insertion window for an adhe- 
sive agent is provided. 

[0025] A multiple-fiber optical connector according 
to the twelfth aspect of the invention is featured in that, 
in addition to the sixth aspect or the seventh aspect, no 
insertion window for an adhesive agent is provided. 
[0026] A method for assembling a multiple-fiber 
optical connector according to the invention is an 
assembling method described in any one of either the 
eighth aspect through the twelfth aspect, wherein the 
terminal end portion of the multiple-fiber optical fiber rib- 
bon including exposed optical fibers is fixed in a ferrule 
by hardening an adhesive agent after inserting the 
adhesive agent into the inlet side of a ribbon insertion 
hole of the ferrule, absorbing the adhesive agent 
through the outlet side at the tip end of the minute holes 
for inserting optical fibers, and inserting the exposed 
optical fibers into the minute holes for inserting optical 
fibers with the sheathing at the tip end of the multiple- 
fiber optical fiber ribbon removed. 
[0027] A multiple-fiber optical connector according 
to the first aspect or the second aspect of the invention 
is constructed so that a tapered portion which is diame- 
ter-reduced toward the tip end is provided at a ribbon 
ins rting hole having a greater width than that of the 
multiple-fiber optical fiber ribbon, and the position, in the 
course of the tapered portion, of a width roughly coinci- 
dent with the width of the multiple-fiber optical fiber rib- 
bon stops the tip end portion of the sheathed portion of 
the terminal portion of the multiple-fiber optical fiber rib- 
bon inserted from the ribbon inserting hole, and is made 
into a sheathed portion stopping portion which deter- 
mines the tip end portion position. 
[0028] Thus, in a multiple-fiber optical connector 
according to the first aspect or the second aspect of the 
invention, since the position of the tip end portion of the 
sheathed portion of the terminal end portion of the mul- 
tiple-fiber optical connector is determined, there is no 
case where the tip end portion of the sheathed portion 
of the multiple-fiber optical connector mounts the 
stepped portion formed in the ferrule. Therefore, the 
multiple-fiber optical connector according to the first 
aspect or the second aspect of the invention can com- 
pletely prevent mistakes in operation from occurring, 



such as a positional slip of the sheathed portion which 
will cause a transmission loss, an accident of interrup- 
tion, etc. 

[0029] Further, since a multiple-fiber optical con- 
5 nector according to the first aspect of the invention is 
simpler in structure, it becomes easier to produce the 
multiple-fiber optical connector itself. Also, in the multi- 
ple-fiber optical connector according to the second 
aspect, since minute holes for inserting optical fibers 
io are formed via the optical fiber introducing holes and 
conical inlet portions having a reduced diameter at the 
tip end, it is possible to further easily carry out insertion 
of exposed optical fibers of the multiple-fiber optical 
fiber ribbon. 

is [0030] In a multiple-fiber optical connector accord- 
ing to the third aspect of the invention, there are pro- 
vided the first tapered portion having a reduced 
diameter at the tip end, the tip end insertion portion at 
the sheathed portion, whose hole diameter is roughly 
20 coincident with the width of the multiple-fiber optical 
fiber ribbon and is roughly made fixed, and the second 
tapered portion having a reduced diameter at the tip 
end, which is formed at the tip end of the tip end inser- 
tion portion of the sheathed portion via the stepped por- 
25 tion, wherein the stepped portion at the tip end of the tip 
end insertion portion of the sheathed portion is made 
into a stopping portion of the tip end portion of the 
sheathed portion at the terminal end portion of the mul- 
tiple-fiber optical fiber ribbon. 
30 [0031] Therefore, the multiple-fiber optical fiber rib- 
bon inserted into the ferrule can be positioned at an 
appointed position with respect to not only positioning in 
the insertion direction but also positioning in the vertical 
and horizontal directions without slipping from the 
35 center axis. 

[0032] A multiple-fiber optical connector according 
to the fourth aspect or the fifth aspect of the invention is 
provided with a conical introducing portion formed at the 
outlets of the tapered portion and the second tapered 
40 portion, whereby it is possible to very easily perform 
insertion of exposed optical fibers. 
[0033] In a multiple-fiber optical connector accord- 
ing to the sixth aspect or the seventh aspect of the 
invention, the inlet end diameter of the conical introduc- 
es ing portion can be set to an adequate value, and it is 
possible to further easily insert the exposed optical fib- 
ers. In addition, it is possible to collectively insert the 
exposed optical fibers in the respective corresponding 
optical fiber insertion holes. Still further, insertion of the 
so terminal end portion of a multiple-fiber optical fiber rib- 
bon including the exposed optical fibers into a ferrule 
can be securely automated. 

[0034] In a multiple-fiber optical connector 
described in any one of either the eighth aspect through 
55 the twelfth aspect of the invention, since no adhesive 
agent inserting window is provided, it is possible to 
make the structure of an optical connector symmetrical 
in the vertical and horizontal directions. Therefore, even 



4 



RNSnOCID: <EP 1061390A1 I > 



EP 1 061 390 A1 



though the inserted adhesive agent is hardened and 
contracted, it is possible to prevent concave deforma- 
tion from occurring, which was produc d in prior art 
optical connectors having an adhesive agent inserting 
window, and it is possible to propose optical connectors 
which can minimize the connection loss after the 
assembling. 

[0035] A method for assembling a multiple-fiber 
optical connector according to the invention enables 
insertion of an adhesive agent in a multiple-fiber optical 
connector not having any window for inserting an adhe- 
sive agent, and the insertion can also be automated. 
Therefore, it is possible to automate a series of assem- 
bling works of optical connectors from insertion of an 
adhesive agent, insertion of a multiple-fiber optical fiber 
ribbon, and fixing of the multiple-fiber optical connector 
in a ferrule by hardening of the adhesive agent. 

Brief description of the drawings 

[0036] 

FIG. 1 is a sectional view of the construction of a 
multiple-fiber optical connector showing a first pre- 
ferred embodiment of the invention, wherein (a) is a 
longitudinally sectional view thereof, (b) is a cross- 
sectional view thereof, and (c) is a partially 
enlarged view of (b), FIG. 2 is an explanatory view 
of a deflection angle G of an optical fiber, FIG. 3 is a 
sectional view of the construction of a multiple-fiber 
optical connector showing a second preferred 
embodiment, wherein (a) is a longitudinally sec- 
tional view thereof, and (b) is a cross-sectional view 
thereof, FIG. 4 is a sectional view of the construc- 
tion of a multiple-fiber optical connector showing a 
third preferred embodiment, wherein (a) is a longi- 
tudinally sectional view thereof and (b) is a cross- 
sectional view thereof, FIG. 5 is an explanatory 
view exemplarily showing a method for assembling 
a multiple-fiber optical connector according to the 
invention, using a process diagram, FIG. 6 is a lon- 
gitudinally sectional view of a prior art multiple-fiber 
optical connector, wherein (a) is an explanatory 
view showing a state where a multiple-fiber optical 
fiber ribbon is adequately inserted into a ferrule, 
and (b) is an explanatory view showing a state 
where a multiple-fiber optical fiber ribbon is not ade- 
quately inserted into a ferrule, FIG. 7 is a perspec- 
tive view of a prior art multiple -fiber optical 
connector, wherein (a) is an explanatory view of a 
multiple-fiber optical connector before an adhesive 
agent is hardened, and (b) is an explanatory view of 
a multiple-fiber optical connector which is deformed 
by hardening and contraction of the adhesive 
agent. 



Best mode for carrying out the invention 

[0037] To describe the invention in detail, a descrip- 
tion is given of the preferred embodiments of the inven- 

5 tion with reference to the accompanying drawings. In 
the description of the preferred embodiments, parts 
which are identical to those in the example shown as 
background art are given the same reference numbers, 
and any overlapping description thereof is omitted. 

10 [0038] FIG. 1 shows a first preferred embodiment of 
a muttiple-fiber optical connector according to the inven- 
tion, wherein (a) is a longitudinally sectional view of a 
multiple-fiber optical connector, and (b) is a cross-sec- 
tional view (cross-sectional view) of the multiple-fiber 

15 optical connector. In these drawings, 14 is a multiple- 
fiber optical connector, and 31 is a multiple-fiber optical 
fiber ribbon. 

[0039] The multiple-fiber optical connector 14 is 
such that the sheathed portion at the tip end side of the 
20 muitipie-fiber opticai fiber ribbon 31 is removed tc 
expose an optical fiber 32, and the terminal end portion 
of the multiple-fiber optical fiber ribbon 31 including the 
exposed optical fiber 31 is inserted and fixed in a ferrule 
1. 

25 [0040] The ferrule 1 is provided, at one end thereof, 
with a ribbon insertion hole 2 having a greater width 
than that of the multiple-fiber optical fiber ribbon 31. A 
tapered portion 3 secured so as to communicate with 
the ribbon insertion hole 2 has a diameter reduced at 

30 the tip end side thereof. A plurality of conical introduc- 
tion portions 4 having a reduced diameter at the tip end 
thereof are juxtaposed at the outlet of the tapered por- 
tion 3, and an optical fiber introducing hole 5 is formed 
at the front side of the ferrule. Also, FIG. 1(c) shows a 

35 state where the left side from the outlet side of the 
tapered portion 3 of the ferrule 1 is shown in enlarge- 
ment in FIG. 1(b). 

[0041] A conical inlet portion 6 having a reduced 
diameter is formed at the tip end side of the optical fiber 

40 introducing hole 5. Further, a minute hole 7 for inserting 
an optical fiber, into which each of the exposed optical 
fibers is individually inserted, is formed so as to commu- 
nicate the conical inlet portion 6. The diameter of the 
minute hole 7 for inserting an optical fiber is formed 

45 slightly greater than the diameter of the exposed optical 
fiber 32. The diameter of the optical fiber introducing 
hole 5 is formed greater than the diameter of the minute 
hole for inserting an optical fiber. The optical fiber intro- 
ducing hole 5, conical inlet portion 6, and minute hole 7 

so for inserting an optical fiber are juxtaposed in a plurality 
and formed so as to communicate with each other. 
[0042] The width of the tip end portion of the 
tapered portion 3 is made narrower than that of the mul- 
tiple-fiber optical fiber ribbon 31. The position 8, in the 

55 course of the tapered portion 3, of the width which is 
roughly coincident with the width of the multiple-fiber 
optical fiber ribbon 31 stops the tip end portion 33 of the 
sheathed portion of the terminal end portion of the mul- 
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tiple-fiber optica! fiber ribbon 31 inserted through the 
ribbon insertion hole 2, and constitutes a stopping por- 
tion of the sheathed portion tip end which determines 
the position of the tip end portion. The most significant 
characteristic of the preferred embodiment is in that a 
sheathed portion tip stopping position is formed in the 
course of the tapered portion 3. 

[0043] Further, in the preferred embodiment, the 
inlet end diameter D of the conical introducing portion 4 
is established as shown below; That is, the D is deter- 
mined as in L>D>1 x sine , where the optical fiber array 
pitch of a multiple-fiber optical fiber ribbon 31 is L, the 
length of exposed optical fibers 32 at the tip end of the 
multiple-fiber optical fiber ribbon 3i is 1, the deflection 
angl of the exposed optical fibers 32 is G. 
[0044] If the diameter D of the inlet end of the coni- 
cal introducing portion 4 is excessively great, the parti- 
tioning wall between the adjacent optical fibers 32 
becomes too thin, whereby there is a fear that produc- 
tion of optical connectors becomes difficult. Further, if 
the diameter D of the inlet end of the conical introducing 
portion is excessively small, the tip end of the optical fib- 
ers 32 cannot be suitably guided, whereby there is a 
fear that the optical fibers 32 may be damaged. 
[0045] Therefore, the present inventor carefully 
studied the relationship between the diameter D and 
easiness of insertion of optical fibers 32 with respect to 
the inlet end diameter D of the conical introducing por- 
tion 4. As a result, if the diameter D is established as 
described above, it is found that optical fibers 32 can be 
securely inserted into individual optical fiber introducing 
holes 5 without damaging the respective optical fibers. 
[0046] Further, generally, since optical fibers are 
likely to be bent, there are many cases where the optical 
fibers are deflected or bent, as shown in FIG.2, due to a 
bending tendency and self-weight, when a multiple-fiber 
optical fiber ribbon is horizontally placed. Therefore, in 
the specifications, an angle is determined by a line con- 
necting the base end position A of an optical fiber to the 
tip end position B of the optical fiber, shown in the same 
drawing, and the optical axis Z of the optical fiber is 
defined as a deflection angle 9. In addition, in order to 
easily understand the description, FIG. 2 shows the 
amount of deflection in exaggeration. 
[0047] Further, the deflection angle G of optical fib- 
ers may differ in the respective optical fibers 32 juxta- 
posed in the multiple-fiber optical fiber ribbon 31. 
Therefore, an average value of the deflection angles 6 
of the respective fibers is employed in calculation of the 
inlet end diameter D of the conical introducing portion 4. 
[0048] Also, the optical fiber deflection angle 6 may 
be influenced by whether the optical fiber is of a single 
mode or a grated mode, physical properties such as 
hardness, etc., of material composition which consti- 
tutes the optical fiber, and thickness of the optical fibers, 
etc. Still further, the optical fiber deflection angle G may 
be influenced by an exposure length of unsheathing of 
optical fibers when mounting in an optical connector, 



and in particular, is determined by ease in bending of 
the tip end portion of optical fibers. If the optical fibers 
are harder at the tip end thereof, that is, if the optical fib- 
ers have good linearity, the optical fiber deflection angle 
5 e is decreased, wherein the inlet end diameter D of the 
conical introducing portion 4 can be decreased. 
[0049] A multiple-fiber optical fiber ribbon 31 is 
taken for instance, in which eight single mode optica! 
fibers each having an outer diameter of 250ju are juxta- 
10 posed with the respective intervals of 0.25mm, and the 
optical fiber from the terminal end thereof is exposed by 
5mm. With respect to the multiple-fiber optical fiber rib- 
bon 31, SinG was obtained through experimentation. 
As a result, the sin 0 was 0.04. 
15 [0050] Therefore, in a ferrule 1 into which the 
multiple-fiber optical fiber ribbon 31 is inserted and 
fixed, the inlet end diameter D of the conical 
introducing portion 4 was determined to be 
D = 1 x srnG = 5x 0.04 = 0.20mm . Where the multiple- 
20 fiber optical fiber ribbon 31 is inserted into the optical 
connector thus designed, the ribbon 31 could be 
inserted without damaging the optical fibers 32, and the 
assembling could be easily carried out. 
[0051 ] In the above preferred embodiment, the inlet 
25 end diameter D of the conical introducing portion 4 was 
determined on the basis of the above examination to 
determine the construction of the ferrule 1. 
[0052] The preferred embodiment is thus con- 
structed. Next, a description is given of a method for 
30 assembling a multiple-fiber optical connector in compli- 
ance with the preferred embodiment. First, a ferrule 1 is 
formed as described above. Also, the sheathing of the 
optical fiber is removed to a position spaced an 
appointed distance from the terminal end of a multiple- 
35 fiber optical fiber ribbon 31 to be mounted. And, the 
respective optical fibers 32 are exposed by removing 
the sheathing thereof, and a boot is applied onto the 
multiple-fiber optical fiber ribbon 31 whose terminal end 
is thus treated. Subsequently, the terminal end portion 
40 of the corresponding multiple-fiber optical fiber ribbon 
31 is inserted into the ribbon inserting hole 2 via a boot 
insertion hole 12 of the ferrule 1 . 

[0053] The optical fibers 32 led out from the multi- 
ple-fiber optical fiber ribbon 31 are led from the ribbon 

45 insertion hole 2 to the tapered portion 3 and from the 
conical introducing portion 4 to introduce the respective 
optical fibers to the optical fiber introducing hole 5. The 
optical fiber 32 that enters the optical fiber introducing 
hole 5 is guided from the conical inlet portion 6 of the 

so minute hole 7 for inserting an optical fiber to the minute 
hole 7 for inserting the optical fiber. 
[0054] Subsequently, the tip end portion 33 of the 
sheathed portion of the multiple-fiber optical fiber ribbon 
31 is brought into contact with the intermediate position 

55 8 of the tapered portion 3 and cannot go any further. 
Therefore, the inserting position of the multiple-fiber 
optical fiber ribbon 31 is determined at this position (the 
position where the tip end portion 33 of the sheathed 
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portion is brought into contact with the tapered portion 
at the intermediate position 8). 

[0055] Further, a multiple-fiber optical fiber ribbon 
31 inserted into and fixed in the ferrule 1 is unsheathed 
at the position, where the tip end portion 33 of the 
sheathed portion is stopped at the tapered portion 3, so 
that the tip end of the optical fiber 32 protrude from the 
end face of the minute hole 7 for inserting an optical 
fiber. That is, it is necessary that the length 1 of an opti- 
cal fiber 32 exposed is determined to be a length by 
which the tip end of the optical fiber 32 can pass through 
the ferrule when the multiple-fiber optical fiber ribbon 31 
is mounted in the ferrule 1 . 

[0056] Also, in the preferred embodiment, since any 
adhesive agent inserting window 11, which is provided 
in the prior art, is no longer required in multiple-fiber 
optical connectors, the adhesive agent is inserted into 
the ferrule 1 as described below. That is, in the process 
1 in FIG. 5, the side of the minute hole 7 for inserting an 
optical fiber is set to an absorber. Next, in the process 2, 
the absorber is driven while inserting an adhesive agent 
from the inlet side of the ribbon inserting hole 2 via the 
boot inserting hole 12, whereby the adhesive agent is 
absorbed into the minute hole 7 for inserting an optical 
fiber in order to fill it up in the ferrule. 
[0057] After the adhesive agent is thus inserted, in 
the process 3, an optical fiber 32 is unsheathed by an 
appointed length, and a multiple-fiber optical fiber rib- 
bon 31 covered with a boot 34 is inserted into the ribbon 
inserting hole 2. Thereafter, in the process 4, the 
respective unsheathed optical fibers 32 are inserted 
into appointed minute holes 7 for inserting optical fibers, 
wherein by hardening the adhesive agent, the terminal 
end portion of the multiple-fiber optical fiber ribbon 31 
including the unsheathed optical fibers 32 are fixed in 
the ferrule 1 to create a multiple-fiber optical connector. 
[0058] By the abovementioned assembling proc- 
esses, in a multiple-fiber optical connector according to 
the preferred embodiment in which a ferrule having no 
adhesive agent inserting window 1 1 is used, an assem- 
bling series of an optical connector such as insertion of 
an adhesive agent, insertion of an optical fiber ribbon, 
and hardening of the adhesive agent, etc., can be auto- 
mated. 

[0059] Furthermore, where the terminal end portion 
of the multiple-fiber optical fiber ribbon 31 is fixed, it is 
sufficient that the terminal end portion thereof is 
adhered to the ferrule to such a degree that they are not 
peeled off from each other. However, it is necessary to 
firmly adhere at least the optical fiber 32 in the minute 
hole 7 for inserting an optical fiber since the tip end of 
the optical fiber 32 is polished to be flush with the end 
face of the ferrule 1 after the unsheathed optical fiber 32 
is mounted in producing a multiple-fiber optical connec- 
tor. 

[0060] A multiple-fiber optical connector according 
to the preferred embodiment is thus produced, and the 
tip end portion 33 of the sheathed portion at the terminal 



end portion of the multiple-fiber optical fiber ribbon 31 is 
stopped at the intermediate position 8 of the tapered 
portion 3 as described above, and the stopping position 
is then determined. 

5 [0061] Therefore, in the preferred embodiment, as 
in the prior art multiple-fiber connectors, the tip end 33 
of the sheathed portion of the multiple-fiber optical fiber 
ribbon 31 will never mount the stepped portion formed 
in the ferrule 1. Accordingly, in the preferred embodi- 

10 ment, it is possible to completely prevent working mis- 
takes such as positional slips of the abovementioned 
sheathed portion which will cause a transmission loss 
and a problem of interruption. 

[0062] In addition, a multiple-fiber optical connector 

15 according to the preferred embodiment is provided with 
a conical introducing portion 4 formed at the outlet of 
the tapered portion 3, whereby it is possible to very eas- 
ily insert the unsheathed optical fibers 32 into minute 
holes 7 for inserting optical fibers. 

20 [0063] Aiso, since a muiti pie-fiber opticai connector 
according to the preferred embodiment is provided with 
a conical inlet portion 6 at the inlet side of the minute 
hole 7 for inserting an optical fiber, it is possible to very 
easily insert the unsheathed optical fibers 32 into 

25 minute holes 7 for inserting optical fibers. 

[0064] As described above, according to the pre- 
ferred embodiment, the terminal end portion of a multi- 
ple-fiber optical fiber ribbon 31 can be securely stopped 
in safety, and the unsheathed portion of the optical fib- 

30 ers can be inserted without creating any damages such 
as buckling, bending, etc., to the unsheathed optical fib- 
ers 32 of a multiple-fiber optical fiber ribbon 31 . Accord- 
ingly, automation of inserting a multiple-fiber optical 
fiber ribbon 31 into a ferrule 1 is enabled. 

35 [0065] FIG. 3 shows a second preferred embodi- 
ment of a multiple-fiber optical connector according to 
the invention. In the same drawing, (a) is a longitudinally 
sectional view of the multiple-fiber optical connector, 
and (b) is a cross-sectional view of the multiple-fiber 

40 optical connector. In a description of the second pre- 
ferred embodiment, parts which are identical to those of 
the first preferred embodiment are given the same refer- 
ence numbers, and an overlapping description thereof 
is omitted. 

45 [0066] A multiple-fiber optical connector according 
to the preferred embodiment is constructed almost iden- 
tical to the multiple-fiber opticai connector of the first 
preferred embodiment. A significant characteristic point 
of the second embodiment is in that minute holes 7 for 

so inserting optical fibers are formed adjacent to the coni- 
cal introducing portion 4, omitting the optical fiber 
inserting portion 5 and conical inlet portion 6. 
[0067] The second preferred embodiment is thus 
constructed as in the abovementioned first preferred 

55 embodiment, and brings about the same effects. Fur- 
ther, since a multiple-fiber optical fiber according to the 
preferred embodiment is simpler in structure than the 
abovementioned first preferred embodiment, it is possi- 
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ble to further easily produce multiple-fiber optical con- 
nectors. 

[0068] FIG. 4 shows a third preferred embodiment 
of a multiple-fiber optica! connector according to the 
third preferred embodiment In the same drawing, (a) is 
a longitudinally sectional view of a multiple-fiber optical 
connector, and (b) is a cross-sectional view of the multi- 
ple-fiber optical connector. In a description of the third 
preferred embodiment, parts which are identical to 
those of the first preferred embodiment are given the 
same reference numbers, and an overlapping descrip- 
tion thereof is omitted. 

[0069] A multiple-fiber optical connector according 
to the third preferred embodiment is not provided with 
the tapered portion 3 which is provided in the first and 
second preferred embodiments, and whose tip end por- 
tion width is narrower than the width of a multiple-fiber 
optical fiber ribbon. Instead, the third preferred embodi- 
ment is provided with a first tapered portion 3a, a tip end 
side insertion portion 10 of the sheathed portion, and a 
second tapered portion 3b. 

[0070] The first tapered portion 3a has a reduced 
diameter at the tip end side, and the width of the tip end 
portion thereof is roughly coincident with the width of 
the abovementioned multiple-fiber optical fiber ribbon 
31 . The tip end side insertion portion 1 0 of the sheathed 
portion is provided so as to communicate with the first 
tapered portion 3a. The tip end side insertion portion 1 0 
of the sheathed portion is a hole having a fixed diame- 
t r, whose width is roughly coincident with the width of 
the multiple-fiber optical fiber ribbon and whose height 
is roughly coincident with the height of the multiple-fiber 
optical fiber ribbon 31 . The second tapered portion 3b is 
formed at the tip end of the tip end side insertion portion 
1 0 of the sheathed portion via a stepped portion and 
has a reduced diameter at the tip end side. The inlet 
hole diameter of the second tapered portion 3b is 
formed smaller than the width of the multiple-fiber opti- 
cal fiber ribbon 31. 

[0071] The third preferred embodiment is featured 
in that the tip end stepped portion of the tip end side 
insertion hole 10 of the sheathed portion stops the tip 
end portion 33 of the sheathed portion of the terminal 
end portion of the multiple-fiber optical fiber ribbon 31, 
and is made into a sheathed portion tip end stopping 
portion which determines the tip end position. 
[0072] The construction of the third preferred 
embodiment other than the above is the same as in the 
abovementioned second preferred embodiment. 
[0073] The third preferred embodiment is thus con- 
structed almost as in the first and second preferred 
embodiments, and brings about the same effects. 
[0074] Further, the third preferred embodiment is 
featured in that it is provided with a first tapered portion 
3a, a tip end side insertion portion 10 of the sheathed 
portion, and a second tapered portion 3b instead of the 
tapered portion 3 in the first and second preferred 
embodiments, and the stepped portion at the tip end of 



the tip end side insertion portion 1 0 of the sheathed por- 
tion is made into the stopping portion of the sheathed tip 
end. And, the tip end side insertion portion 10 of the 
sheathed portion is a hole having a fixed diameter. 

5 Therefore, the multiple-fib r optical fiber ribbon 31 
inserted into the ferrule 1 can be positioned at an 
appointed position including positioning in the inserting 
direction without slipping from the center axis in the ver- 
tical and horizontal directions. 

io [0075] Also, in the third preferred embodiment, the 
length 1 2 of the tip end side insertion portion 10 of the 
sheathed portion can be determined based on a rela- 
tionship with the length 1-| of the minute hole 7 for insert- 
ing an optical fiber. That is, the length 1 2 is made slightly 

15 larger than the length 1 1 . If so, the tip end portion 33 of 
the sheathed portion of the multiple-fiber optical fiber 
ribbon 31 is inserted into the tip end side insertion por- 
tion 10 of the sheathed portion, wherein the inserting 
position is determined in the vertical and horizontal 

20 directions of the optical fiber ribbon 31 , and the respec- 
tive unsheathed optical fibers 32 can reach the conical 
introducing portion 4. Therefore, if the length 1 2 is made 
slightly larger than the length 1 1 , it is possible to further 
reduce the positional slip of the tip end position of the 

25 respective optical fibers 32. And, insertion of the 
respective optical fibers 32 into the minute holes 7 can 
be securely carried out even easier in safety. 
[0076] Further, the invention is not limited to the 
respective embodiments described above, but it may be 

30 subjected to various modifications. For example, 
although the tapered portion 3, the first tapered portion 
3a and the second tapered portion 3b may be provided 
at four sides in the vertical and horizontal directions of 
the ribbon insertion hole 2 as in the respective embodi- 

35 ments, it is acceptable that they are provided in only two 
vertical sides or two horizontal sides. 

Industrial applicability 

40 [00771 As described above, the invention has high 
efficiency in assembling, wherein the ratio of defectives 
can be minimized. Therefore, with the invention, auto- 
mated assembling of multiple-fiber optical connectors 
having a wide width is enabled, without interruption of 

45 optical fibers, with high reliability and in safety. Accord- 
ingly, the invention is suitable for collective connections 
of a plurality of optical fibers of a multiple-fiber optical 
fiber ribbon to the mating optical fibers at a minimized 
connection loss. 

50 

Claims 

1. A multiple-fiber connector having a multiple-fiber 
optical fiber ribbon in which optical fibers juxta- 
55 posed in a plurality are collectively sheathed by a 
sheathing portion, and having the optical fibers 
exposed by removing the sheathed portion at the 
tip end side of said multiple-fiber optical fiber rib- 
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bon, in which the terminal portion of said multiple- 
fiber optical fiber ribbon including said exposed 
optical fibers are inserted and fix d in a ferrule; 
wherein the connector is provided with a ribbon 
insertion hole having a greater width than the width 5 
of said multiple-fiber optical fiber ribbon, a tapered 
portion communicating with said multiple-fiber opti- 
cal ribbon, whose diameter is decreased toward the 
tip end side thereof, and minute holes for inserting 
optical fibers which communicate with said tapered w 
portion and are juxtaposed in a plurality so that said 
respective exposed optical fibers are individually 
inserted thereinto, from one side to the other end 
side in said ferrule; the width at the tip end portion 
of said tapered portion is formed to be narrower 1 s 
than that of said multiple-fiber optical fiber ribbon; 
and the position of a width, halfway of said tapered 
portion, which is roughly coincident with the multi- 
ple-fiber optical fiber ribbon stops the tip end por- 
tion of the sheathed portion at the terminal portion 20 
of a multiple-fiber optical fiber ribbon inserted from 
said ribbon insertion hole, and is made into a stop- 
ping portion of the sheathed portion tip end which 
determines the tip end position. 

25 

A multiple-fiber optical connector as set forth in 
Claim 1, wherein an optical fiber introducing hole 
whose diameter is greater than that of minute holes 
for inserting optical fibers is formed at the forward 
side at the tip end side of the tapered portion, a 30 
conical inlet portion whose diameter is reduced is 
formed at the tip end side of said optical fiber intro- 
ducing hole, and minute holes for inserting said 
optical fibers are formed so as to communicate with 
said conical inlet portion. 35 

A multiple -fiber optical connector as set forth in 
Claim 1 or 2, wherein, instead of forming a tapered 
portion whose tip portion width is narrower than the 
width of a multiple-fiber optical fiber ribbon, the con- 40 
nector is provided with a first tapered portion whose 
tip end width is roughly coincident with that of said 
multiple-fiber optical fiber ribbon, a tip end side 
insertion portion of a sheathed portion, which com- 
municates with said first tapered portion, having a 45 
roughly fixed diameter, and whose hole width is 
roughly coincident with said multiple -fiber optical 
fiber ribbon, and second tapered portion having a 
diameter-reduced tip end portion formed, via a 
stepped portion, at the tip end of the tip end side so 
insertion portion of said sheathed portion; the inlet 
diameter of said second tapered portion is formed 
smaller than the width of said multiple-fiber optical 
fiber ribbon; the stepped portion of the tip end of the 
tip end side insertion portion of said sheathed por- 55 
tion stops the tip end portion of the sheathed por- 
tion at the terminal end portion of said multiple-fiber 
optical fiber ribbon, and is made into the sheathed 



tip end stopping portion which determines the posi- 
tion of the tip end portion. 

4. A multiple-fiber optical connector as set forth in 
Claim 1 or 2, wherein a conical introduction portion 
having a diameter-reduced portion at the tip end 
thereof is formed at the outlet of the tapered por- 
tion. 

5. A multiple-fiber optical connector as set forth in 
Claim 3, wherein a conical introduction portion hav- 
ing a diameter-reduced portion at the tip end 
thereof is formed at the outlet of the second tapered 
portion. 

6. A multiple-fiber optical connector as set forth in 
Claim 4, wherein the respective input end diame- 
ters of said conical introduction portion are formed 
so as to become L>D>1 x sine , where the optical 
fiber array pitch of a muftipie-fiber optical fiber rib- 
bon is L, the length of exposed optical fibers at the 
tip end of said multiple-fiber optical fiber ribbon is 1 , 
the deflection angle of said exposed optical fibers is 
6, and the respective inlet diameters of the conical 
introduction portion are D. 

7. A multiple-fiber optical connector as set forth in 
Claim 5, wherein the respective input end diame- 
ters of said conical introduction portion are formed 
so as to become L>D>1 x sine , where the optical 
fiber array pitch of a multiple-fiber optical fiber rib- 
bon is L, the length of exposed optical fibers at the 
tip end of said multiple -fiber optical fiber ribbon is 1 , 
the deflection angle of said exposed optical fibers is 
e, and the respective inlet diameters of the conical 
introduction portion are D. 

8. A multiple-fiber optical connector as set forth in 
Claim 1 or 2, wherein no insertion window for an 
adhesive agent is provided. 

9. A multiple-fiber optical connector as set forth in 
Claim 3, wherein no insertion window for an adhe- 
sive agent is provided. 

10. A multiple-fiber optical connector as set forth in 
Claim 4, wherein no insertion window for an adhe- 
sive agent is provided. 

11. A multiple-fiber optical connector as set forth in 
Claim 5, wherein no insertion window for an adhe- 
sive agent is provided. 

12. A multiple-fiber optical connector as set forth in 
Claim 7, wherein no insertion window for an adhe- 
sive agent is provided. 

13. A method for assembling a multiple-fiber optical 
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connector described in any one of Claims 8 through 
12, the terminal end portion of the multiple-fiber 
optical fiber ribbon including exposed optical fibers 
is fixed in a ferrule by hardening an adhesive agent 
after inserting said adhesive agent into the inlet 5 
side of a ribbon insertion hole of said ferrule, 
absorbing said adhesive agent through the outlet 
side at the tip end of the minute holes for inserting 
optical fibers, and inserting said exposed optical fib- 
ers into said minute holes for inserting optical fibers 70 
with the sheathing at the tip end of the multiple-fiber 
optical fiber ribbon removed. 
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